Background European nutritional guidelines recommend routine use of enteral feeding after pancreaticoduodenectomy (PD) whereas American guidelines do not. Data on the efficacy and, especially, complications of the various feeding strategies after PD are scarce. Methods Retrospective monocenter cohort study in 144 consecutive patients who underwent PD during a period wherein the routine post-PD feeding strategy changed twice. Patients not receiving nutritional support (n015) were excluded. Complications were graded according to the Clavien-Dindo classification and the International Study Group of Pancreatic Surgery (ISGPS) definitions. Analysis was by intention-to-treat. Primary endpoint was the time to resumption of normal oral intake.
Introduction
Pylorus-preserving pancreaticoduodenectomy (PD) is the treatment of choice for (pre-)malignant neoplasms of the pancreatic head, ampulla, distal bile duct and duodenum. 1 PD is associated with a relatively high morbidity rate, including a high incidence of delayed gastric emptying.
2 -4 The current guidelines of the European Society for Parenteral and Enteral Nutrition (ESPEN) recommend routine use of early enteral nutrition in case of patients undergoing major gastrointestinal surgery for cancer, including PD. 5 In contrast, the current American Society of Parenteral and Enteral Nutrition (ASPEN) guidelines recommend postoperative nutritional support only in patients whom it is anticipated will be unable to meet their nutrient needs orally for a period of 7 to 10 days, which is not necessarily the case after PD. 6 Specific evidence concerning the optimal feeding strategy after PD is scarce and hence the choice of feeding strategy depends mainly on individual preference. Although enteral and parenteral feeding after PD may be associated with complications, there are surprisingly little data available on this subject.
In our department, the preferred routine post-PD feeding strategy changed twice in the past 10 years; from jejunostomy tube feeding (JT) to total parenteral nutrition (TPN) to nasojejunal tube feeding (NJT). These changes were initiated by a perceived high rate of feeding-related complications associated with the JT and TPN feeding strategies as well as a lack of clear evidence in favour of any feeding technique. The aim of this study was to assess the efficacy and feedingrelated complications of the various feeding strategies after PD in a single tertiary referral center.
Methods

Patients
A retrospective monocenter cohort study was performed in all 144 consecutive patients who underwent (pylorus preserving) PD at the University Medical Center Utrecht, between January 1st 2001 and December 30th 2010. Patients were categorised according to the feeding strategy decided upon prior to or during surgery: enteral feeding via NJT or JT, or TPN. Patients who could not be classified in these three groups or had no follow-up were excluded (n015). See the 'Results' section for details.
Surgical Approach
PD was performed by a team specialised in hepatobiliary and pancreatic surgery. Reconstruction was typically performed with end-to-side duct-to-mucosa pancreatojejunostomy (ISGPS type IAS0), 7 end-to-side hepaticojejunostomy and (antecolic) duodeno(gastro)jejunostomy.
Routes of Nutrition
Enteral nutrition was delivered via either nasojejunal tube or jejunostomy tube. In the period January 2001-May 2010, Nutrison Standard was used and since May 2010 Nutrison Protein Plus (both from Nutricia, The Netherlands). In the NJT group, a nasojejunal tube (Freka Trelumina Tube, Fresenius Kabi Ltd, UK) was advanced for at least 30 cm through the duodenojejunostomy after the creation of the dorsal part of this anastomosis. In the JT group, a jejunostomy tube (Freka FCJ Set FR 9, Fresenius Kabi Ltd, UK) was advanced through the abdominal wall and into the bowel after the reconstruction phase of the pancreaticoduodenectomy. The tube was advanced for at least 30 cm and fixated to the bowel and the abdominal wall. In both the NJT and JT groups, enteral nutrition was started the first morning postoperatively at a rate of 25 ml/h and increased with 25 ml per day (2001-2009) or per 6 h (since May 2010) to the required amount as advised by the consulting dietitian.
TPN (NuTRIflex Lipid Special, B. Braun, Germany) was delivered via a central venous line. TPN was started the morning after surgery at a rate of 42 ml/h and increased with 500 ml per day to the required amount, according to dietitians' advice.
In the NJT and JT groups, TPN was only given when enteral feeding was unsuccessful, but according to the intention-to-treat principle these patients remained in their assigned groups.
Oral intake was started on patient's request and modulated depending on digestive symptoms. When oral intake exceeded 50 % of the daily required caloric intake, enteral or parenteral nutritional support was ceased. In the NJT group, the feeding tube was removed at this stage. In the JT group, the tube was only removed in the outpatient department 6 weeks postoperatively. Patients in the JT and TPN group received a nasogastric tube for gastric decompression only if necessary.
Definitions
Postoperative pancreatic fistula, delayed gastric emptying and post-pancreatectomy haemorrhage were defined according to the International Study Group of Pancreatic Surgery (ISGPS) definitions.
8 -10 All complications were graded according to the Clavien-Dindo classification. 11 The postoperative course was defined to be complicated if a complication occurred that required medical therapy or any form of intervention (Clavien-Dindo grade II or higher). Chyle leakage requiring very low fat elemental enteral nutrition was graded as Clavien-Dindo grade II, if there was no other indication for enteral nutrition (anymore). Infectious complications had to be confirmed by a positive culture result. Severe preoperative weight loss was defined as weight loss of 10 % or more within 6 months or 5 % or more within 1 month prior to surgery.
Data Collection
Data were retrospectively collected from computerised clinical records. Baseline characteristics collected were patient demographics, body mass index (BMI), severe preoperative weight loss, indication for surgery, diagnosis, surgeon, type of surgery, operative time and blood loss.
Primary outcome was the time to resumption of normal oral intake, defined as the postoperative day on which intake was reported to be adequate by the treating physician or dietitian.
Secondary outcomes were time to start of oral and solid food intake, duration of (par)enteral nutrition, use of prokinetic agents, postoperative surgical, general and tube-related complications (in-hospital and during readmission), incidence of postoperative pancreatic fistula, delayed gastric emptying, post-pancreatectomy haemorrhage and chyle leakage, length of hospital stay, readmission within 30 days after discharge, relaparotomy and in-hospital mortality.
Statistical Analysis
Analysis was by intention-to-treat. Values are expressed as median and interquartile range, unless specified otherwise. Data were analysed using SPSS for Windows version 15.0 (SPSS Inc., Chicago, IL, USA). Continuous non-normally distributed variables were compared using the KruskalWallis or Mann-Whitney U test, and categorical variables were compared by chi-square or Fisher's exact test as appropriate. For multivariable analysis, the binary logistic regression model was used. Statistical dependence between two non-parametric variables was assessed by Spearman correlation. A P value <0.05 was considered significant.
Results
Patients
Of the 144 patients who had undergone a (pylorus preserving) PD in the study period, 15 patients were excluded because they had no nutritional support (n09), received enteral nutrition via nasogastric tube (n04), underwent a modified surgical intervention (status after previous total gastrectomy, n01) or were transferred to another hospital (n01) leaving 129 patients eligible for further analysis.
Of these 129 patients, 44 (34 %) received enteral nutrition via NJT, 48 patients (37 %) via JT and 37 patients (29 %) received TPN. Baseline characteristics, including age, gender, BMI, severe preoperative weight loss, indication for surgery, diagnosis, procedure and blood loss did not differ between the groups (see Table 1 ). The three groups only differed in terms of the surgeon performing the procedure and the operative time. Whipple's PD (n 0 5), PD + hemicolectomy (n 0 3), PD + hemicolectomy + nefrectomy (n 0 3), PD + hemicolectomy + portal vein (n 0 2), PD + portal vein (n 0 5), PD + partial corpus/cauda resection (n 0 2), total pancreatectomy (n 0 1), total pancreatectomy + portal vein (n 0 
Time to resumption of normal oral intake (primary endpoint) did not differ between the three groups, with a median duration of 13 (10-19), 16 (13-24) and 14 (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) days in the NJT, JT and TPN group, respectively (P00.15). Duration of enteral nutrition was significantly shorter in the NJT group compared to the JT group [median 8 (6) (7) (8) (9) (10) (11) (12) vs. 12 (8-18) days, P00.02]. Time to start of oral intake was significantly shorter in the TPN-group, with a median duration of 5 (3-7), 5 (4-11) and 4 (2-5) days in the NJT, JT and TPN group, respectively (P00.02). All outcomes of nutritional and hospitalisation parameters are shown in Table 2 .
General Complications
Morbidity and mortality rates are shown in Table 3 . Overall morbidity requiring therapy or intervention (Clavien-Dindo grade II or higher) and mortality did not differ between the groups. Surgical and general complication rates are listed in Table 4 . The rates of clinically relevant postoperative pancreatic fistula (grade B/C, ISGPF), delayed gastric emptying (grade B/C, ISPGS) and postoperative haemorrhage (grade B/C, ISGPS) did not differ between the groups (overall rates 12 %, 42 % and 10 %, respectively).
Feeding-Related Complications
Tube-related complications were more common in the NJT group as compared to the JT group (41 % vs. 23 %, P0 0.06). This difference was mainly caused by a 34 % (n015) dislodgement rate of the intraoperatively placed nasojejunal tubes (Table 5 ). These dislodgements occurred after a median of 7 (5-12) days. Tubes were replaced in eight of the 15 patients. The complications in the JT group tended to be more severe, including leakage and torsion of the small bowel around the tube, requiring four relaparotomies in three patients (6 %) and eventually leading to death in one patient (2 %), due to multi-organ failure caused by small bowel ischaemia. The rate of wound infections was significantly higher in the TPN group (NJT/JT/TPN016 %, 6 % and 30 %, P00.02).
Multivariable Analysis
The patient volume increased during the 10-year study period. Average annual volume in the first 3 years was 5 versus 25 in the last 3 years (P00.001). Therefore, year of procedure was entered as a variable in a multivariable logistic regression analysis that also adjusted for differences in age, gender, BMI and surgeon. After adjustment, there still was no difference between the three feeding strategies in the rate of morbidity or mortality.
Age and gender were found to be an independent factor influencing morbidity (Clavien-Dindo grade II or higher). A 1-year increase in age had an OR of 1.05 in developing a complication (P00.02). The male gender had an OR of 2.48 in developing a complication compared to the female gender (P00.02). No independent factors for mortality were found. 
Discussion
This is the largest comparative study to date on efficacy and complications of jejunostomy, nasojejunal and total parenteral feeding after PD. None of the feeding strategies was found superior with respect to time to resumption of normal oral intake, morbidity and mortality. Each strategy was associated with specific complications. Nasojejunal tubes dislodged in a third of patients, jejunostomy tubes caused few but potentially life-threatening bowel strangulation and TPN doubled the risk of wound infections. Although these complications varied widely in both incidence and severity, it seems that if feeding is desired a nasojejunal tube is the feeding strategy of choice, as replacement of a nasojejunal tube (although frequently required) is to be preferred over infections and bowel strangulation. Only one study previously compared the efficacy and safety of different routes of enteral nutritional support after PD. 12 This monocenter cohort study analysed 100 patients receiving enteral nutrition via either percutaneous transperitoneal jejunostomy, gastrojejunostomy or nasojejunal tube. This study did not use ISGPS definitions or multivariable analysis to account for confounders such as surgeon's preference. As in our study, no significant differences were observed between the groups in time to resumption of normal oral intake, as well as in hospital stay, while duration of feeding was significantly shorter in NJT patients. Tube related complications, however, were observed less frequently than in our study. Dislodgement of the NJT was seen in only 5 % of patients, as compared to 34 % in our study. The authors stated this relatively low dislodgement rate to be caused by the use of a tube with a wider diameter (10/8 French), enabling more secure fixation at the nostrils. The tubes used in our study, however, have an even larger diameter (16/9 French) due to the three lumina. In the general feeding literature, a dislodgement rate of NJTs of 16-36 % has been reported.
13 -17 Several techniques have been described to prevent inadvertent NJT dislodgement. One of the most successful ones is nasal bridling. 18 In a randomised controlled trial (n080), comparing the nasal bridle technique with an adhesive tape device, dislodgement rate was reduced from 63 % in the unbridled to 18 % in the bridled group, with only few and minor adverse events. 19 Another technique is the clipping of the tip of the nasojejunal tube to the bowel mucosa, 20 but this is impractical during laparotomy.
Although rare, bowel strangulation and leakage are wellknown, potentially lethal complications of percutaneous jejunostomy tubes. In a series of 2,022 patients undergoing laparotomy for mostly complex upper-abdominal operations, jejunostomy resulted in 34 tube-related complications in 29 patients (1.5 %). 21 The most common complication was occlusion or dislodgement in 15 patients (0.7 %), and the most serious complication was bowel necrosis in three patients (0.2 %), leading to death in two patients. Intestinal occlusion and volvulus was described in three patients (0.2 %), leading to death in one and intra-abdominal infections in three other (0.2 %). A literature review in 1,788 patients with jejunostomy tubes found a strangulation rate of 0.3 % and an intra-abdominal infection rate of 0.8 %. 21 Increased risk of infections with the use of parenteral nutrition is also well known. A meta-analysis by Braunschweig et al., combining 27 randomised controlled trials (n01,827), found a significantly increased risk of infections with parenteral compared to enteral nutrition (RR 0.64), 22 corresponding with the results of a previous study in patients after PD. 23 Duration of enteral nutrition was found to be significantly shorter in the NJT group compared to the JT group (median 8 vs. 12 days). This can be explained by the fact that enteral feeding in the NJT group was often interrupted due to tube dislodgement, and attempts to stop enteral nutrition were undertaken earlier to stimulate oral intake and relief patients of their tube before discharge.
The strength of the current study lies in the use of the generally accepted ISGPS definitions and the ClavienDindo classification for postoperative complications, making comparison of data more reliable. It is known that the use of the ISGPS definitions results in a relatively high incidence of complications. 3 The main limitation of this study is its retrospective design and therefore nonrandom (but rather chronological) allocation of patients into the different feeding strategies. Furthermore, during the study period the annual volume of PD increased. However, as there was no relation between the studies primary endpoint (time to resumption of normal oral intake) and surgeon (P0 0.50) or year of surgery (P00.21), we feel the impact of these confounders is small. The group of patients with an oral diet after PD was too small and heterogeneous for reliable conclusions and hence not included in the analysis.
Interestingly, several large studies found good results with a normal oral diet (without routine nutritional support) after PD. Yermilov et al. reviewed the California Cancer Registry (1994-2003) for outcomes of 1,873 patients who underwent PD for adenocarcinoma receiving either parenteral feeding (14 %), jejunostomy tube feeding (23 %) or an oral diet without supplemental nutritional support (63 %). This study did not include data on nasojejunal feeding. They showed a significantly shorter length of hospital stay in the normal diet cohort. 24 Martignoni et al. prospectively studied a cohort of 64 patients and reported, besides an increase in length of stay, a significantly higher prevalence of delayed gastric emptying in patients with enteral nutrition, compared to patients with an oral diet. 25 In contrast to these studies, two other studies suggest that routine enteral nutrition is better than 'standard care'. In a randomised controlled trial (n036) by Mack et al., length of hospital stay was reduced by routine gastrojejunostomy tube feeding as compared to 'standard care' after PD. 26 This study did not define 'standard care'. Baradi et al. retrospectively studied patients with postoperative nasojejunal or gastrojejunal tube feeding or an oral diet after PD (n0180). Enteral feeding was associated with significantly less use of TPN and lower rates of readmission and complications. Length of stay did not differ between the two groups. 27 If an oral postoperative diet is used, what strategy should be followed? A recent review suggested that implementation of a fast-track perioperative pathway [or enhanced recovery after surgery (ERAS) program] in pancreatic surgery could lead to reduced hospital stay and reduced costs without an increase in morbidity, mortality or re-admission rates. 28 The discrepancy between current European 'routine' and American 'on demand' guidelines and the feeding related complications described in this study support use of the American 'on demand' nutrition guidelines. One could argue that patients should be started on a regular oral diet as soon as possible after PD as is current practice after most other major surgeries. Only in case of severe preoperative weight loss or a complicated postoperative course (such as pancreatic fistula), 29 enteral nutrition should be started. This 'on demand' strategy would prevent many patients from the discomfort of a feeding tube/line and would save the additional costs of enteral feeding. Future randomised studies should test this hypothesis by comparing outcomes of a routine oral diet (with on demand nasojejunal feeding) with routine nasojejunal feeding after PD.
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